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(54) STEERING SYSTEM

(67) A steering system is provided which more ap-
propriately alleviates driver's discomfort in the wrists. A
steering ECU 40 has an estimated grip angle calculating
circuit 41, a deviation calculating circuit 42, an automatic
steering torque command value calculating circuit 43,
and a grip angle command value calculating circuit 44.
The estimated grip angle calculating circuit 41 calculates

an estimated grip angle 62e based on a steering angle
01. The deviation calculating circuit 42 calculates a de-
viation dbg based on the steering angle 61, a steering
angle deviation dfs, and the estimated grip angle 62e.
The grip angle command value calculating circuit 44 cal-
culates a grip angle command value 6g* that is a sum of
a grip angle 62 and the deviation dog.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a steering system.

2. Description of the Related Art

[0002] Inasteering system disclosed in Japanese Pat-
entNo. 5369694, a steering wheel (yoke) is provided with
a grip that is a tool for exchanging driver’s intention and
system’s intention between the driver and the system.
When there may be a danger on an expected traveling
path (the system’s intension), an ECU in the steering
apparatus vibrates the grip to notify the driver of the dan-
ger.

[0003] However, in the steering system in Japanese
Patent No. 5369694, when the driver rotationally oper-
ates the steering wheel while gripping the grip, the driv-
er's wrists have a sense of restraint as the steering wheel
rotates. To alleviate this sense of restraint, the driver
needs to take extra action by rotating the grip as the steer-
ing wheelrotates. When the steering angle of the steering
wheelis changed by automatic steering control, the driver
feels discomfort in the wrists, and thus, the driver needs
to take extra action to alleviate the discomfort.

SUMMARY OF THE INVENTION

[0004] Anobjectoftheinventionistoprovide asteering
system that more appropriately alleviates driver's dis-
comfort in the wrists when the driver grips a grip.

[0005] Accordingtoan aspect of the presentinvention,
a steering system includes a steering portion that is ro-
tationally operated by a driver, a steering mechanism that
varies a steered angle of steered wheels in conjunction
with operation of the steering portion, a rotation angle
sensor that detects a steering angle that is a rotation
angle of the steering portion, a steering operation actu-
ator that generates power applied to the steering mech-
anism to steer the steered wheels, a grip attached to the
steering portion and having an axis of rotation that is non-
parallel to an axis of rotation of the steering portion, a
grip rotation angle sensor that detects a grip angle that
is a rotation angle of the grip, a grip actuator that applies
a rotational torque to the grip, and a control apparatus
that performs automatic steering control that steers the
steered wheels by controlling the steering operation ac-
tuator in accordance with a traveling state of a vehicle
and the steering angle and grip control that rotates the
grip by controlling the grip actuator in accordance with
the steering angle and the grip angle. The control appa-
ratus calculates, in performing the grip control during ex-
ecution of automatic steering control, a grip angle com-
mand value that is a target value of the grip angle suitable
for gripping of the grip based on the steering angle and
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the grip angle, and controls driving of the grip actuator
so as to cause the grip angle to follow the grip angle
command value.

[0006] In this configuration, the control apparatus cal-
culates the grip angle command value suitable for grip-
ping of the grip according to a change in the steering
angle of the steering portion to cause the grip angle to
follow the grip angle command value. This more appro-
priately alleviates discomfort felt when a driver grips the
grip. Thus, the driver need notrotate the grip as the steer-
ing portion rotates, and burdens imposed on the driver
are reduced.

[0007] In the steering system according to the above
aspect, the control apparatus may control, in performing
the automatic steering control, driving of the steering op-
eration actuator so as to eliminate a difference between
a target traveling path of the vehicle and an actual
traveling path of the vehicle.

[0008] In this configuration, the steering operation ac-
tuator is controlled so as to eliminate the difference be-
tween the target traveling path of the vehicle and the
actual traveling path of the vehicle. Consequently, the
vehicle travels along a traveling path that is more similar
to the target traveling path of the vehicle.

[0009] In the steering system according to the above
aspect, the control apparatus may have: an estimated
grip angle calculating circuit that calculates an estimated
grip angle from the steering angle based on a given re-
lation between the steering angle and the estimated grip
angle, the estimated grip angle being a rotation angle of
the grip estimated based on the steering angle; a correc-
tion value calculating circuit that calculates, based on the
given relation, a correction value that is used to correct
a grip angle detected through the grip rotation angle sen-
sor based on a difference between a first estimated grip
angle and a second estimated grip angle; the first esti-
mated grip angle being calculated from a sum of the dif-
ference between the target traveling path of the vehicle
and the actual traveling path of the vehicle and the steer-
ing angle, the second estimated grip angle being calcu-
lated from the steering angle; and a grip angle command
value calculating circuit that calculates the grip angle
command value that is a sum of the detected grip angle
and the correction value.

[0010] Inthis configuration, the difference between the
first estimated grip angle and the second estimated grip
angle is calculated to determine the correction value, and
the grip angle is caused to follow the grip angle command
value that is the sum of the grip angle and the correction
value. Thus, even when the driver is subjected to a
change in the steering angle of the steering portion such
as rotation of the steering portion during automatic steer-
ing, the discomfort felt when the driver grips the grip can
be more appropriately alleviated. The driver can also con-
tinuously recognize a deviation of the actual traveling
path of the vehicle from the target traveling path of the
vehicle. That is, the grip actuator rotates the grip based
on the correction value to allow the driver to easily con-
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tinue gripping the grip even when the control apparatus
rotates the steering portion while the driver is gripping
the grip and to allow the driver to recognize the deviation
from the target traveling path.

[0011] The steering system according to the above as-
pect may further include a grip torque sensor that detects
a grip torque of the grip. The control apparatus may have
an override calculation processing circuit that calculates
an intended grip angle that is an amount of operation of
the grip based on driver’s intention based on the grip
torque detected through the grip torque sensor. The cor-
rection value calculating circuit may calculate a tempo-
rary correction value for the grip angle detected based
on the difference between the first estimated grip angle
and the second estimated grip angle, and adds or sub-
tracts the intended grip angle to or from the temporary
correction value depending on the steering angle to de-
termine the correction value.

[0012] In this configuration, the intended grip angle is
calculated based on the grip torque resulting from oper-
ation of the grip by the driver, and the correction value is
calculated using the intended grip angle. Consequently,
the grip angle command value is calculated with the in-
tended grip angle taken into account. Thus, operation of
the grip unintended by the driver can be suppressed.
[0013] The steering system according to the above as-
pect may further include a grip torque sensor that detects
a grip torque of the grip. The control apparatus may have
an override calculation processing circuit that calculates
a driver’s intended difference included in the difference
between the target traveling path of the vehicle and the
actual traveling path of the vehicle and that calculates an
intended grip angle that is an amount of operation of the
grip based on the driver’s intention based on the grip
torque detected through the grip torque sensor. The cor-
rection value calculating circuit may calculate, based on
the given relation, the correction value based on a differ-
ence between the first estimated grip angle and the sec-
ond estimated grip angle, the first estimated grip angle
being calculated from a sum of the difference between
the target traveling path of the vehicle and the actual
traveling path of the vehicle, the steering angle, and the
intended difference.

[0014] Inthis configuration, the intended grip angle and
the intended difference are calculated based on the grip
torque resulting from operation of the grip by the driver,
and the correction value is calculated using the intended
grip angle and the intended difference. Consequently,
the grip angle command value is calculated with the in-
tended grip angle and the intended difference taken into
account. Thus, the driver’s intention can be more accu-
rately reflected.

[0015] In the steering system according to the above
aspect, the control apparatus may calculate the driver's
intended difference included in the difference between
the target traveling path of the vehicle and the actual
traveling path of the vehicle and calculate a command
value for power of the steering operation actuator based

10

15

20

25

30

35

40

45

50

55

on a sum of the difference between the target traveling
path of the vehicle and the actual traveling path of the
vehicle and the driver’s intended difference.

[0016] In this configuration, the command value for the
power of the steering operation actuator is calculated with
the driver’s intended value taken into account. Conse-
quently, with automatic steering control performed, man-
ual steering control corresponding to the driver’s intention
can be reflected in the automatic steering control based
on operation of the grip. Thus, the control apparatus can
perform the automatic steering control in accordance with
the driver’s intention detected as a result of operation of
the grip.

[0017] The steering system according to the invention
allows more appropriately alleviating discomfort felt
when the driver grips the grip.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The foregoing and further features and advan-
tages of the invention will become apparent from the fol-
lowing description of example embodiments with refer-
ence to the accompanying drawings, wherein like numer-
als are used to represent like elements and wherein:

FIG. 1 is a diagram depicting a general configuration
of a steering system in a first embodiment;

FIG. 2A is a steering wheel and grips in the steering
system in the first embodiment;

FIG. 2B is a steering wheel and grips in a steering
system in another embodiment;

FIG. 3Ais a schematic diagram depicting a grip state
of the steering wheel and the grips in the steering
system in the first embodiment;

FIG. 3B is a schematic diagram depicting the grip
state of the steering wheel and the grips in the steer-
ing system in the first embodiment;

FIG. 4 is a block diagram depicting a general con-
figuration of a steering ECU in the steering system
in the first embodiment;

FIG. 5 is a graph illustrating a relation between a
steering angle and an estimated grip angle in the
steering system in the first embodiment;

FIG. 6 is a graph used to calculate a deviation in the
steering system in the first embodiment;

FIG. 7Ais aflowchart illustrating a control procedure
for grip control in the steering system in the first em-
bodiment;

FIG. 7B is a flowchart illustrating a control procedure
for automatic steering control in the steering system
in the first embodiment;

FIG. 8 is a block diagram depicting a general con-
figuration of a steering ECU in a steering system in
a second embodiment;

FIG. 9is a schematic diagram of override processing
in the second embodiment;

FIG. 10 is a graph illustrating a relation between a
grip torque and a driver-intended grip angle;
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FIG. 11 is a graph illustrating a relation between the
grip torque and a driver-intended steering angle de-
viation;

FIG. 12 is a graph used to calculate a corrected de-
viation in the steering system in the second embod-
iment;

FIG. 13isaflowchartillustrating a process procedure
for calculation executed in an override calculation
processing circuit in the steering system in the sec-
ond embodiment;

FIG. 14A is a flowchart illustrating a control proce-
dure for the grips in the steering systemin the second
embodiment;

FIG. 14B is a flowchart illustrating a control proce-
dure for automatic steering control in the steering
system in the second embodiment; and

FIG. 15 is a block diagram depicting a general con-
figuration of a steering ECU in a steering system in
another embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] An embodiment of the invention will be de-
scribed. As depicted in FIG. 1, an automatic steering sys-
tem 1 includes a steering mechanism 2 that steers
steered wheels 15 based on a driver’s operation of a
steering wheel 10, a steering operation actuator 3 that
assists the driver’s steering operation, a host ECU 30,
and a steering ECU 40.

[0020] The steeringmechanism 2includes the steering
wheel 10 and a steering shaft 11 that rotates integrally
with the steering wheel 10. The steering shaft 11 has a
column shaft 11a coupled to the steering wheel 10, an
intermediate shaft 11b coupled to a lower end of the col-
umn shaft 11 a, and a pinion shaft 11c coupled to a lower
end of the intermediate shaft 11b. A lower end of the
pinion shaft 11c is coupled to a rack shaft 12 via a rack-
and-pinion mechanism 13. Therefore, in the steering
mechanism 2, a rotational motion of the steering shaft
11 is converted into a reciprocating linear motion in an
axial direction of the rack shaft 12 (a lateral direction in
FIG. 1) via pinion teeth provided at a leading end of the
pinion shaft 11c and the rack-and-pinion mechanism 13
that is rack teeth formed on the rack shaft 12. The recip-
rocating linear motion is transmitted to each of the right
and left steered wheels 15 vial tie rods 14 coupled to
respective opposite ends of the rack shaft 12 to vary the
steered angle of the steered wheels 15.

[0021] The steering operation actuator 3 is provided
on the rack shaft 12. The steering operation actuator 3
includes a motor 20 thatis a source of a force that assists
a steering operation, a ball screw mechanism 22 inte-
grally attached around the rack shaft 12, and a reduction
mechanism 23 that transmits a turning force of a rotating
shaft 21 of a motor 20 to the ball screw mechanism 22.
The steering operation actuator 3 converts the turning
force of the motor 20 into reciprocating linear motion of
the rack shaft 12 in the axial direction via the reduction

10

15

20

25

30

35

40

45

50

55

mechanism 23 and the ball screw mechanism 22, and
applies force in the axial direction to the rack shaft 12 to
assist the driver’s steering operation.

[0022] As depicted in FIG. 2A, the steering wheel 10
and the steering shaft 11 are attached together so as to
be rotatable integrally with each other. Thus, an axis of
rotation (first axis of rotation) of the steering wheel 10 is
coaxial with an axis of rotation of the steering shaft 11.
The steering angle of the steering wheel 10 is equal to a
steering angle 61 that is a rotation angle of the steering
shaft 11.

[0023] The steeringwheel 10is provided with grips 10a
and grip actuators 10b that apply a turning force to the
respective grips 10a. The grips 10a are attached to por-
tions of the steering wheel 10 that are gripped by the
driverwith both hands. The driver grips the steering wheel
10 via the grips 10a. The grips 10a are attached to the
steering wheel 10 so as to be rotatable with respect to
the steering wheel 10. An axis of rotation of each of the
grips 10a is set non-parallel to the axes of rotation of the
steering wheel 10 and the steering shaft 11. Each of the
grips 10a rotates around an axis of rotation extending
along atangential direction of the steering wheel 10 (sec-
ond axis of rotation). The first axis of rotation and the
second axis of rotation are set non-parallel to each other
and are different from each other. Each of the grip actu-
ators 10b applies a turning force (rotational torque) to the
corresponding grip 10a to change a grip angle 62 of the
grip 10a that is a rotation angle. As the grip actuators
10b, for example, motors are adopted. Each of the grips
10a is provided with a grip rotation angle sensor 51 and
a grip torque sensor 52. The grip rotation angle sensor
51 detects the grip angle 62 that is a rotation angle of the
grip 10a. The grip torque sensor 52 detects a grip torque
Th applied to the grip 10a in conjunction with the driver’s
grip operation.

[0024] As depicted in FIG. 1, the host ECU 30 gener-
ates a start trigger trig for the steering ECU 40 in order
to perform automatic steering. The host ECU 30 also
calculates a steered angle deviation d6s based on the
steering angle 61 and a yaw angle 63 detected through
a steering angle sensor 50 and a visual sensor 53.
[0025] The steering angle sensor 50 is provided on the
column shaft 11a. The steering angle sensor 50 detects
the steering angle 01 that is a rotation angle of the steer-
ing shaft 11, which moves in conjunction with the driver’s
steering operation. For example, a camera is used as
the visual sensor 53. The visual sensor 53 calculates the
yaw angle 63 based on loaded information on surround-
ings of the vehicle. The yaw angle 63 is an angle (steered
angle) of the steered wheels 15 with respect to a straight
running direction of the vehicle and is indicative of, for
example, a direction of the vehicle relative to a road.
[0026] The steering ECU 40 controls the motor 20
based on detection results from various sensors provided
in the vehicle (the steering angle sensor 50 and the like)
and the start trigger trig and the steering angle deviation
dos loaded from the host ECU 30. That is, based on out-
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puts from the various sensors, the steering ECU 40 sets
a target turning force and controls a current supplied to
the motor 20 so as to make an actual turning force equal
to the target turning force.

[0027] As depicted in FIG. 2A, when the driver simply
grips the grips 10awithout operation of the steering
wheel, the driver hardly feels that gripping of the grips
10a is burdensome. This is because the driver does not
feel discomfort in the wrists.

[0028] However, as the steering wheel 10 is operated
as depicted in FIG. 3B, gripping the grips 10ain the same
mannerasthatin FIG. 2Ais burdensome. This is because
the driver feels discomfort in the wrists. The driver feels
discomfort in the wrists not only when the driver operates
the steering wheel 10 but also when the steering angle
ofthe steeringwheel 10 is changed by automatic steering
control.

[0029] Thus, the steering ECU 40 controls the grip ac-
tuators 10b to rotate the grips 10a. The steering ECU 40
controls the grip actuators 10b so as to rotate the grips
10a in such a direction that the driver’s discomfort in the
wrists is alleviated, in conjunction with rotation of the
steering wheel 10. That is, based on outputs from the
various sensors (the steering angle sensor 50 and the
visual sensor 53), the steering ECU 40 sets a target grip
angle and controls the current supplied to the motor 20
so as to make the actual grip angle equal to the target
grip angle. If a slight change in steering angle including
zero occurs, the grip actuators 10b may be unexception-
ally made freely rotatable without being driven. The free
rotation can be achieved using a block signal generator
(not depicted in the drawings) that, for example, forcibly
turns off the start trigger, described below.

[0030] Now, the steering ECU 40 will be described in
detail.

[0031] As depicted in FIG. 4, the steering ECU 40 has
an estimated grip angle calculating circuit 41, a deviation
calculating circuit 42, an automatic steering torque com-
mand value calculating circuit 43, and a grip angle com-
mand value calculating circuit 44. The host ECU 30 has
a steering angle deviation calculating circuit 31 that cal-
culates the steering angle deviation dbs. The steering
angle deviation calculating circuit 31 calculates the steer-
ing angle deviation d0s based on the steering angle 61
and the yaw angle 63 detected through the steering angle
sensor 50 and the visual sensor 53, respectively. The
steering angle deviation dos is a difference between the
steering angle 61 and the yaw angle 83, or a difference
between a target traveling path of the vehicle and an
actual traveling path of the vehicle.

[0032] The estimated grip angle calculating circuit 41
calculates an estimated grip angle 62e based on the
steering angle 61 detected through the steering angle
sensor 50. The estimated grip angle 62e is an appropriate
grip angle corresponding to the steering angle 61. The
appropriate grip angle is a grip angle at which the driver
can easily continue to grip the grips 10a even when the
steering wheel 10 is steered.
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[0033] The deviation calculating circuit 42 calculates a
deviation dfg as a correction value. The deviation calcu-
lating circuit42 loads the steering angle 61 from the steer-
ing angle sensor 50, the steering angle deviation d6s
from the steering angle deviation calculating circuit 31,
and the estimated grip angle 62e from the estimated grip
angle calculating circuit 41. The deviation calculating cir-
cuit42 calculates the deviation d6g based on the steering
angle 01, the steering angle deviation dfs, and the esti-
mated grip angle 62e. Even when the driver’s discomfort
in the wrists changes as a result of a change in the steer-
ing angle 61, preferably the driver continues to easily grip
the grips 10a and rotating the wrists to alleviate the dis-
comfort is suppressed. Thus, the deviation dfg that is a
difference value between the grip angle 62 and a grip
angle command value 6g* is calculated so that the current
grip angle 62 is changed to a target grip angle (to be
exact, the grip angle command value 6g*) thatis sufficient
for alleviating the driver’s discomfort in the wrists.
[0034] The automatic steering torque command value
calculating circuit 43 calculates an automatic steering
torque command value Tm* that is a command value for
a torque to be applied by the motor 20 during automatic
steering based on the steering angle deviation dfs. Spe-
cifically, as expressed by Expression (1), the automatic
steering torque command value calculating circuit 43
multiplies the steering angle deviation dbs by a preset
coefficient (a) to determine the automatic steering torque
command value Tm*.

Tm* =a - dfs (1)

[0035] The grip angle command value calculating cir-
cuit 44 calculates the grip angle command value 6g*
based on the grip angle 62 and the deviation d6g. The
grip angle command value 6g* is a target value used
when the grip actuators 10b change the grip angle 62 of
the grips 10a. Specifically, the grip angle command value
0g* is calculated in accordance with Expression (2).

Og*=02+dog (2)

[0036] To be exact, the grip angle command value 6g*
is input to a current command value calculating circuit
not depicted in the drawings, so that feedback control
that makes the actual grip angle 62 closer to the grip
angle command value 6g*. A current command value
resulting from the feedback control is generated, and a
current corresponding to the current command value is
supplied to the grip actuators 10b.

[0037] Now, the calculation of the estimated grip angle
02e executed in the estimated grip angle calculating cir-
cuit 41 will be described in detail. As depicted in a graph
in FIG. 5, the estimated grip angle calculating circuit 41
selects one of a plurality of curves indicative of a relation
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between the steering angle 61 and the estimated grip
angle 62e that are pre-mapped to each other, and cal-
culates the estimated grip angle 62e based on the se-
lected curve. The curve is characterized in that the esti-
mated grip angle 62e monotonically and exponentially
increases as the steering angle 61 increases. For exam-
ple, when a curve depicted by a continuous line is se-
lected, the estimated grip angle 62e is calculated to be
an estimated grip angle 62ea when the steering angle 61
detected through the steering angle sensor 50 is a steer-
ing angle 61a. For the curve indicative of the relation
between the steering angle 61 and the estimated grip
angle 62e that are mapped to each other, an optimum
curveis selectedin accordance with, forexample, vehicle
velocity and the driver’s physique. For example, when
the driver has a stronger physique, a curve with a large
gradient (a left curve in FIG. 5) is selected.

[0038] Now, the calculation of the deviation doég exe-
cuted in the deviation calculating circuit 42 will be de-
scribed in detail. As depicted in a graph in FIG. 6, the
deviation calculating circuit 42 calculates the deviation
dbg by use of the curve selected from the graph in FIG.
5. In the graph in FIG. 6 as well, the steering angle 61 is
plotted on the axis of abscissas, and the estimated grip
angle 02e is plotted on the axis of ordinate. A difference
is present between the target traveling path of the vehicle
and the actual traveling path of the vehicle, and thus, the
deviation calculating circuit 42 calculates a target steer-
ing angle 6s by adding the steering angle 61 and the
steering angle deviation dfs together. The target steering
angle 0s is plotted on the axis of abscissas. The deviation
calculating circuit 42 calculates a target grip angle 6s by
finding a grip angle corresponding to the target steering
angle 0s in the selected curve. The deviation calculating
circuit 42 calculates the deviation d6g, which is a differ-
ence between the target grip angle 6g and the estimated
grip angle 62e, as expressed by Expression (3).

dOg = 0g - 02¢ 3)

[0039] Now, a process procedure for grip control per-
formed in the steering ECU 40 will be described. As de-
picted in a flowchart in FIG. 7A, first, the steering ECU
40 determines whether or not the start trigger trig has
been loaded (step S1). Ifthe start trigger trig has notbeen
loaded (in step S1, NO), step S1 is repeated until the
start trigger trig is loaded. If the start trigger trig has been
loaded (in step S1, YES), the steering ECU 40 loads the
steering angle 61, the grip angle 62, and the steering
angle deviation dos (step S2).

[0040] Next, the steering ECU 40 determines whether
or not the absolute value of the steering angle deviation
dos is larger than a threshold (step S3). The threshold is
set to a value that is sufficient for determining that the
targettraveling path of the vehicle and the actual traveling
path of the vehicle evidently deviate from each other. The
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absolute value of the steering angle deviation dfs and
the threshold are compared with each other to determine
a magnitude relation between the absolute value and the
threshold because the deviation d6g need not be calcu-
lated when the target traveling path of the vehicle and
the actual traveling path of the vehicle have no difference
therebetween and substantially match each other.
[0041] If the absolute value of the steering angle devi-
ation dOs is larger than the threshold (in step S3, YES),
the steering ECU 40 (estimated grip angle calculating
circuit 41) loads the steering angle 61 and calculates the
estimated grip angle 62e (step S4).

[0042] The steering ECU 40 (deviation calculating cir-
cuit 42) calculates the deviation d6g based on the loaded
steering angle 61, steering angle deviation dbs, and the
estimated grip angle 62e (step S5).

[0043] Finally, the steering ECU 40 (grip angle com-
mand value calculating circuit 44) calculates the grip an-
gle command value 6g* (step S6). The grip angle com-
mand value 6g* is the sum of the grip angle 62 and the
deviation d6g. The deviation dfg is calculated based on
a change in the steering angle 61, a change in the esti-
mated grip angle 62e, which is the grip angle estimated
based onthe steering angle 61, and a changein the steer-
ing angle deviation d6s, which is calculated based on the
difference between the target traveling path of the vehicle
and the actual traveling path of the vehicle. Calculating
the grip angle command value 6g* allows the grip angle
02 to be changed according to a change in the steering
angle 81. When the grip actuators 10b are controlled so
as to make the grip angle 02 closer to the grip angle
command value 6g*, changes in the grip angle 62 are
suppressed which result from operation of the grips 10a
unintended by the driver.

[0044] If the absolute value of the steering angle devi-
ation dOs is not larger than the threshold (in step S3, NO),
the steering ECU 40 (deviation calculating circuit 42) ze-
roes the deviation dog (step S7). If the absolute value of
the steering angle deviation dfs is smaller than the
threshold, the target traveling path of the vehicle and the
actual traveling path of the vehicle substantially match
each other. In this case, the target traveling path of the
vehicle and the actual traveling path of the vehicle are
considered to deviate from each other due to vibration
of the hands or slight vibration caused by reverse input
from a road surface. Consequently, the deviation dog
need not be calculated.

[0045] The steering ECU 40 (grip angle command val-
ue calculating circuit 44) then calculates the grip angle
command value 6g* (step S6) to end the processing.
Since the grip angle command value 6g* is calculated by
adding the grip angle 62 and the deviation d6g together,
the grip angle command value 6g* is equal to the grip
angle 62. Thus, the grip angle 62 remains unchanged.
[0046] Processing illustrated in the flowchart in FIG.
7A is repeatedly executed. Now, a process procedure
for automatic steering control performed in the steering
ECU 40 will be described.
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[0047] As illustrated in the flowchart in FIG. 7B, first,
the steering ECU 40 determines whether or not the start
trigger trig has been loaded (step S11). If the start trigger
trig has not been loaded (in step S11, NO), step S11 is
repeated until the start trigger trig is loaded. If the start
trigger trig has been loaded (in step S11, YES), the steer-
ing ECU 40 loads the steering angle deviation dfs (step
S12). The steering ECU 40 calculates the automatic
steering torque command value Tm* (step S13).

[0048] Effects of the present embodiment will be de-
scribed.

(1) The steering ECU 40 varies the grip angle 62 of
the grips 10a according to a variation in the steering
angle 61 of the steering wheel 10. Consequently,
even when the driver continuously grips the grips
10aat the same positions, the discomfortin the wrists
is alleviated. Thus, even when steering the steering
wheel 10 while gripping the grips 10a, the driver need
not re-hold or rotate the grips 10ain order to alleviate
the discomfort. Thus, burdens on the driver are re-
duced.

[0049] In the present embodiment, while the grips 10a
are not operated, the automatic steering is continued by
calculating the automatic steering torque command val-
ue Tm*. (2) The steering ECU 40 performs control that
makes the grip angle 62 closer to the grip angle command
value 6g*. This eliminates the need for the driver to op-
erate the grips 10a in order to alleviate the driver’s dis-
comfort in the wrists. For example, although the driver
feels discomfort in the wrists as the driver steers the
steering wheel 10, the grip angle 62 automatically varies
according to a variation in the steering angle 61 so as to
alleviate the driver’s discomfort in the wrists, enabling a
reduction in burdens involved in adjustment of the grip
angle 62.

[0050] (3) The grip angle command value calculating
circuit 44 calculates the grip angle command value 6g*
by adding the grip angle 62 and the deviation d6g togeth-
er. Consequently, the grips 10a can constantly be con-
trolled via a certain grip angle command value 6g*. For
example, if the grip angle command value 6g* is calcu-
lated using only the deviation d6g, when the difference
between the grip angle 62 and the estimated grip angle
62e and the deviation d6g offset each other, a command
value used to control the grip angle 62 may be calculated
to be zero in spite of the presence of the steering angle
deviation dos.

[0051] Now, a second embodiment of the steering sys-
tem will be described. The automatic steering system 1
in the present embodiment is basically configured simi-
larly to the automatic steering system 1 in the first em-
bodiment depicted in FIG. 1. Mostly differences from the
first embodiment will be described. In the second em-
bodiment, what s called override processing is executed
in which automatic steering and manual steering coexist
as aresult of intervention of the driver’s operation during
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the automatic steering.

[0052] As depicted in FIG. 8, the steering ECU 40 has
an override calculation processing circuit 45 in addition
to the estimated grip angle calculating circuit 41, the de-
viation calculating circuit 42, the automatic steering
torque command value calculating circuit 43, and the grip
angle command value calculating circuit 44. The override
calculation processing circuit 45 is provided to perform
the automatic steering with the driver’s intension (for ex-
ample, preferences) taken into account.

[0053] As depictedinFIG. 9, for example, in automatic
steering that allows the vehicle to avoid colliding against
an obstacle, the host ECU 30 tries to follow a path A
depicted by a continuous line to avoid a collision between
the vehicle and the obstacle. However, the driver may
desire to avoid the obstacle by following a path B depicted
by a dashed line or a path C depicted by a dashed line.
The driver’s intension in following the path B is consid-
ered to be the desire to minimize protrusion into an ad-
jacentlane in avoiding the obstacle. The driver’s intention
in tracking the path C is considered to be the desire to
avoid the obstacle with a sufficient distance between the
vehicle and the obstacle. Thus, override calculation
processingis executed to perform automatic steering that
more appropriately reflects the driver’s intension.
[0054] As depicted in FIG. 8, the override calculation
processing circuit 45 has a driver-intended grip angle cal-
culating circuit 45a and a driver-intended steering angle
deviation calculating circuit 45b. The driver-intended grip
angle calculating circuit 45a calculates a driver-intended
grip angle 62d based on the grip torque Th detected
through the grip torque sensor 52.

[0055] As depicted in a graph in FIG. 10, the driver-
intended grip angle 62d increases as the grip torque Th
increases. Based on this relation, the driver-intended grip
angle 62d corresponding to the grip torque Th is calcu-
lated. When the grip torque Th is higher than a threshold,
the grip torque Th and the driver-intended grip angle 62d
have a monotonical-increasing proportional relation as
depicted by a continuous line in FIG. 10. By way of ex-
ample, the grip torque Th and the driver-intended grip
angle 62d have a relation in which the driver-intended
grip angle 62d exponentially increases as the grip torque
Th increases. When the grip torque Th is lower than the
threshold, the grip torque Th and the driver-intended grip
angle 62d originally have a monotonical-increasing pro-
portional relation as depicted by a dashed line in FIG.
10. However, in the present embodiment, when the grip
torque This smaller than the threshold, the driver-intend-
ed grip angle 62d is constantly zero regardless of the grip
torque Th as depicted by a continuous line in FIG. 10.
The grip torque Th is represented in the form of an ab-
solute value.

[0056] The driver-intended steering angle deviation
calculating circuit 45b calculates a driver-intended steer-
ing angle deviation dosd based on the grip torque Th
detected through the grip torque sensor 52.

[0057] As depicted in a graph in FIG. 11, the driver-



13 EP 3 144 204 A1 14

intended steering angle deviation dfsd increases as with
the grip torque Th increases. When the grip torque Th is
higher than the threshold, the grip torque Th and the driv-
er-intended steering angle deviation d6sd have a monot-
onical-increasing proportional relation as depicted by a
continuous line in FIG. 11. By way of example, the grip
torque Th and the driver-intended steering angle devia-
tion dosd have a relation in which the driver-intended
steering angle deviation do6sd exponentially increases as
the grip torque Th increases. When the grip torque Th is
lower than the threshold, the driver-intended steering an-
gle deviation dbsd is zero regardless of the grip torque
Th as depicted by a continuous line in FIG. 11. The grip
torque Thisrepresented in the form of an absolute value.
[0058] Now, the calculation of the deviation d6g* exe-
cuted in the deviation calculating circuit 42 will be de-
scribed. As depicted in FIG. 12, the deviation calculating
circuit 42 calculates the deviation d6g* based on the
steering angle 01, the driver-intended grip angle 62d, the
driver-intended steering angle deviation d6sd, the steer-
ing angle deviation dbs, and the estimated grip angle
62e. First, the deviation calculating circuit 42 executes
processing similar to the processing illustrated in FIG. 6
for the first embodiment to calculate the target grip angle
0g corresponding to the target steering angle 6s and to
calculate the deviation dog from the difference between
the target grip angle 6g and the estimated grip angle 62e.
To reflect the driver’s intension, the deviation calculating
circuit 42 further corrects the deviation d6g using the driv-
er-intended grip angle 62d and the driver-intended steer-
ing angle deviation dosd.

[0059] Specifically, when the steering direction of the
automatic steering is opposite to the driver’s steering di-
rection (for example, the path B in FIG. 9), the deviation
calculating circuit 42 calculates a corrected deviation
dog* by taking the difference between the deviation dog
and the driver-intended grip angle 62d. Thus, the correct-
ed deviation d6g* is expressed by Expression (4). A
graph in FIG. 12 illustrates this case.

dOg* - 0g - 62¢ - 02d 4)

[0060] When the steering direction of the automatic
steering is the same as the driver’s steering direction (for
example, the path C in FIG. 9), the deviation calculating
circuit 42 calculates a corrected deviation dog* by taking
the sum of the deviation d6g and the driver-intended grip
angle 62d. Thus, the corrected deviation dog* is ex-
pressed by Expression (5).

dBg* = 0g - 62¢ - 62d (5)
[0061] The deviation calculating circuit 42 further cal-
culates a corrected steering angle deviation dos* by tak-
ing the sum of or the difference between the steering
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angle deviation dOs and the driver-intended steering an-
gle deviation dosd.

[0062] The automatic steering torque command value
calculating circuit 43 calculates the automatic steering
torque command value Tm*, which is a command value
foratorque to be applied by the motor 20 for the automatic
steering, based on the steering angle deviation dfs and
the driver-intended steering angle deviation d6sd. Spe-
cifically, the automatic steering torque command value
Tm* is calculated by multiplying the sum of the steering
angle deviation dos and the driver-intended steering an-
gle deviation dbsd by the preset coefficient a as ex-
pressed by Expression (6).

Tm* = a(dfs + dOsd) (6)

[0063] The grip angle command value calculating cir-
cuit 44 calculates the grip angle command value 6g*
based on the grip angle 62, the deviation d6g*, and the
driver-intended grip angle 62d. Specifically, the grip an-
gle command value 6g* is calculated in accordance with
Expression (7).

Og* =02 + dog* + 62d (7)

[0064] Now, a process procedure for the calculation
executed in the override calculation processing circuit 45
will be described. As illustrated in a flowchart in FIG. 13,
first, the override calculation processing circuit 45 deter-
mines whether or not the start trigger trighas been loaded
(step S21). If the start trigger trig has not been loaded (in
step S21, NO), the override calculation processing circuit
45 repeats step S21 until the start trigger trig is loaded.
If the start trigger trig has been loaded (in step S21, YES),
the override calculation processing circuit 45 loads the
grip torque Th detected through the grip torque sensor
52 (step S22).

[0065] The override calculation processing circuit 45
then determines whether or not the grip torque This high-
er than the threshold (step S23). The threshold is a preset
value that serves as a reference for determining whether
or not the driver has operated the grips 10a.

[0066] If the grip torque Th is higher than the threshold
(in step S23, YES), the override calculation processing
circuit 45 calculates the driver-intended grip angle 62d
(step S24) and then calculates the driver-intended steer-
ing angle deviation dosd (step S25). Subsequently, the
override calculation processing circuit 45 ends the
processing.

[0067] Ifthegriptorque This nothigherthan the thresh-
old (in step S23, NO), the override calculation processing
circuit 45 calculates the driver-intended grip angle 62d
to be zero (step S26) and then calculates the driver-in-
tended steering angle deviation dosd to be zero (step
S27). Subsequently, the override calculation processing
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circuit 45 ends the processing. In this case, the grip
torque This considered to result from a reaction from the
road surface and not to be generated in accordance with
the driver’s intension.

[0068] Now, a process procedure for grip control per-
formed in the steering ECU 40 will be described. As de-
picted in FIG. 14A, first, the steering ECU 40 determines
whether or not the start trigger trig has been loaded (step
S31). If the start trigger trig has not been loaded (in step
S31, NO), the steering ECU 40 repeats step S31 until
the start trigger trig is loaded. If the start trigger trig has
been loaded (in step S31, YES), the steering ECU 40
loads the steering angle 61, the grip angle 62, the steering
angle deviation d6s, and the grip torque Th (step S32).

[0069] The steering ECU 40 then determines whether
or not the absolute value of the steering angle deviation
dos is larger than a threshold (step S33).

[0070] If the absolute value of the steering angle devi-
ation dos is larger than the threshold (in step S33, YES),
the steering ECU 40 (estimated grip angle calculating
circuit 41) calculates the estimated grip angle 62e (step
S34).

[0071] The steering ECU 40 (driver-intended grip an-
gle calculating circuit 45a) calculates the driver-intended
grip angle 62d (step S35).

[0072] The steering ECU 40 (deviation calculating cir-
cuit 42) calculates the corrected deviation d6g* based on
the steering angle 61, the steering angle deviation dos,
the estimated grip angle 62e, and the driver-intended grip
angle 62d (step S36).

[0073] Finally, the steering ECU 40 (grip angle com-
mand value calculating circuit 44) calculates the grip an-
gle command value 6g* (step S37) to end the processing.
In step S33 described above, if the absolute value of the
steering angle deviation dos is larger than a threshold (in
step S33, NO), the steering ECU 40 (deviation calculating
circuit 42) calculates the corrected deviation dog* to be
zero (step S38) to end the processing.

[0074] Now, a process procedure for automatic steer-
ing control performed in the steering ECU 40 will be de-
scribed. As depicted in FIG. 14B, first, the steering ECU
40 determines whether or not the start trigger trig has
been loaded (step S41). If the start trigger trig has not
been loaded (in step S41, NO), the steering ECU 40 re-
peats step S41 until the start trigger trig is loaded. If the
start trigger trig has been loaded (in step S41, YES), the
steering ECU 40 (automatic steering torque command
value calculating circuit 43) loads the steering angle de-
viation dfs (step S42).

[0075] The steering ECU 40 (driver-intended steering
angle deviation calculating circuit 45b) calculates the
driver-intended steering angle deviation dosd (step S43).
The steering ECU 40 (automatic steering torque com-
mand value calculating circuit 43) calculates the auto-
matic steering torque command value Tm* (step S44) to
end the processing.

[0076] Effects of the present embodiment will be de-
scribed.
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(1) The steering ECU 40 calculates the grip angle
command value 6g* and the automatic steering
torque command value Tm* and can thus execute
the override processing in which, when the driver
operates the grips 10a during the automatic steering,
the automatic steering and the manual steering are
allowed to coexist so as to reflect the driver’s inten-
sion. First, the grip angle command value 6g* is
caused to follow the grip angle 62 to suppress oper-
ation of the grips 10a unintended by the driver. Upon
detecting the driver’s operation of the grips 10a (de-
tecting that the grip torque Th is higher than the
threshold), the steering ECU 40 calculates the auto-
matic steering torque command value Tm* and the
grip angle command value 6g* using the driver-in-
tended grip angle 62d and the driver-intended steer-
ing angle deviation d6sd. Since the automatic steer-
ing torque command value Tm* is calculated based
on the steering angle deviation d6s and the driver-
intended steering angle deviation d6sd, the automat-
ic steering can be performed in accordance with the
driver’s operation of the grips 10a. That s, the target
traveling route of the vehicle can be adjusted accord-
ing to the driver’s preferences.

Since the unintended operation of the grips 10a is
suppressed in order to alleviate the driver’s discom-
fort in the wrists, the override processing is not ex-
ecuted when the grips 10a are not actively operated
as in the firstembodiment. In this case, the automatic
steering may be exclusively performed.

(2) The grip angle command value calculating circuit
44 of the steering ECU 40 calculates the grip angle
command value 6g* with the driver-intended grip an-
gle 62d taken into account. Consequently, operation
of the grips 10a unintended by the driver can be more
reliably suppressed.

[0077] The embodiments may be changed as follows.
Other embodiments described below may be combined
with one another without leading to technical contradic-
tion. In the embodiments, the yaw angle 63 is detected
using the visual sensor 53, but the invention is not limited
to this. For example, the yaw angle 63 may be detected
based on information from a yaw angle sensor provided
in the vehicle or information from a GPS sensor. Instead
of the yaw angle 63, a traveling direction of the vehicle
or information on the surroundings of the vehicle may be
detected based on information from a GPS sensor or the
visual sensor 53. For example, even when lane marking
information on roads fails to be recognized, how the
traveling direction is inclined to the straight running di-
rection of the vehicle may be detected.

[0078] Inthe embodiments, the steering angle sensor
50 is provided on the column shaft 11a. However, the
invention is not limited to this. For example, the steering
angle sensor 50 may be provided on the steering wheel
10, the intermediate shaft 11b, or the pinion shaft 11c.
[0079] In the embodiments, the steering angle devia-
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tion calculating circuit 31 is provided on the host ECU
30. However, the invention is not limited to this. For ex-
ample, as depicted in FIG. 15, the steering angle devia-
tion calculating circuit 31 may be provided in the steering
ECU 40.

[0080] In the embodiments, when the steering angle
deviation dOs is smaller than the threshold, the deviation
calculating circuit 42 calculates the deviation dég or the
deviation d6g* to be zero. However, the invention is not
limited to this. That is, even when the steering angle de-
viation d0Os is smaller than the threshold, the deviation
calculating circuit 42 calculates the deviation dég or the
deviation d6g* based on the steering angle 61, the steer-
ing angle deviation dbs, and the estimated grip angle
62e. In this case, the processing in steps S3 and S7 in
FIG. 7A and in steps S33 and S38 in FIG. 14A need not
be executed.

[0081] Inthe embodiments, when the grip torque This
lower than the threshold, the driver-intended grip angle
02d and the driver-intended steering angle deviation
dOsd are calculated to be zero. However, the invention
is not limited to this. That is, even when the grip torque
Th is lower than the threshold, the driver-intended grip
angle 62d and the driver-intended steering angle devia-
tion d6sd may be calculated based on the grip torque Th.
In this case, the processing in steps S23, S26, and S27
in FIG. 13 need not be executed. In areas in FIG. 10 and
FIG. 11 where the grip torque Th is lower than the thresh-
old, therelation between the grip torque Th and the driver-
intended grip angle 62d or the driver-intended steering
angle deviation d6sd may be as depicted by a dashed
line.

[0082] In the embodiments, each of the grips 10a has
the grip torque sensor 52. However, the invention is not
limited to this. For example, when the override calculation
processing is not executed as in the first embodiment,
the grip torque sensor 52 need not be provided. Further-
more, the invention is not limited to the grip torque sensor
52. Any sensor may be used so long as the sensor can
detect the driver’s operation of the grips 10a. For exam-
ple, a pressure sensor may be used. In this case, de-
pending on the magnitude of the pressure exerted on the
grips 10a when the driver grips the grips 10a, the override
processing is executed which allows the automatic steer-
ing and the manual steering to coexist so as to reflect
the driver’s intention.

[0083] Inthe embodiments, in FIG. 5, one curve is se-
lected from the plurality of curves indicative the relation
between the steering angle 61 and the estimated grip
angle 62e that are pre-mapped to each other. However,
the invention is not limited to this. That is, one curve may
be preset regardless of the vehicle velocity or the driver’s
physique. Instead of preparing a plurality of maps, it is
possible to define the steering angle 61 and the estimated
grip angle 62e in accordance with the driver’s grip state,
the driver’s habit in the steering operation, and the like.
[0084] Inthe embodiments, one curve is selected from
the plurality of curves indicative the relation between the
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steering angle 61 and the estimated grip angle 62e that
are pre-mapped to each other based on the vehicle ve-
locity or the driver’s physique. However, the invention is
not limited to this. For example, a curve may be selected
which is closest to one point resulting from plotting of the
steering angle 61 and the grip angle 62.

[0085] Inthe second embodiment, the deviation calcu-
lating circuit 42 calculates the deviation doég* by adding
or subtracting the driver-intended grip angle 62d to or
from the difference between the target grip angle 6g and
the estimated grip angle 62e. However, the invention is
not limited to this. For example, first, the deviation calcu-
lating circuit 42 calculates a steering angle obtained by
adding or subtracting the driver intended steering angle
deviation dfsd to or from the target steering angle 6s,
and then calculates a corrected target grip angle by using
the calculated steering angle and the relation between
the steering angle 61 and the estimated grip angle 62e.
Next, the deviation d6g* is calculated based on the dif-
ference between the corrected target grip angle and the
estimated grip angle 62e. The deviation d6g* may be cal-
culated as described above.

[0086] Inthe embodiments, the grips 10a are attached
to the steering wheel 10, serving as the steering portion,
as depicted in FIG. 2A. However, the shape of the steer-
ing portion is not limited. As depicted in FIG. 2B, for ex-
ample, a shaft 10c serving as a steering portion is pro-
vided at an end of the steering shaft 11. The shaft 10c is
provided orthogonally to the steering shaft 11. The shaft
10c rotates integrally with the steering shaft 11. Grips
10d, 10e are provided at both ends of the shaft 10c. The
grips 10d, 10e are provided so as to be rotatable around
the shaft 10c. The grips 10d, 10e may be rotated in the
same direction or opposite directions.

[0087] The steering systems in the embodiments may
be of any type. For example, the steering systems may
be of a type that applies the rotational torque of the motor
20 to the steering shaft 11 or a type in which the motor
20 is assembled coaxially with the rack shaft 12. Alter-
natively, steer-by-wire (SBW) steering systems may be
used in which the steering wheel 10 is mechanically sep-
arated from the rack shaft 12.

Claims
1. A steering system comprising:

a steering portion that is rotationally operated
by a driver;

a steering mechanism that varies a steered an-
gle of steered wheels in conjunction with oper-
ation of the steering portion;

a rotation angle sensor that detects a steering
angle that is a rotation angle of the steering por-
tion;

a steering operation actuator that generates
power applied to the steering mechanism to
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steer the steered wheels;

agrip attached to the steering portion and having
an axis of rotation that is non-parallel to an axis
of rotation of the steering portion;

a grip rotation angle sensor that detects a grip
angle that is a rotation angle of the grip;

a grip actuator that applies a rotational torque
to the grip; and

a control apparatus that performs automatic
steering control that steers the steered wheels
by controlling the steering operation actuator in
accordance with a traveling state of a vehicle
and the steering angle and grip control that ro-
tates the grip by controlling the grip actuator in
accordance with the steering angle and the grip
angle, wherein

the control apparatus calculates, in performing
the grip control during execution of the automatic
steering control, a grip angle command value
that is a target value of the grip angle suitable
for gripping of the grip based on the steering
angle and the grip angle, and controls driving of
the grip actuator so as to cause the grip angle
to follow the grip angle command value.

The steering system according to claim 1, wherein,
the control apparatus controls, in performing the au-
tomatic steering control, driving of the steering op-
eration actuator so as to eliminate a difference be-
tween a target traveling path of the vehicle and an
actual traveling path of the vehicle.

The steering systemaccordingto claim 1 or2, where-
in,
the control apparatus has:

an estimated grip angle calculating circuit that
calculates an estimated grip angle from the
steering angle based on a given relation be-
tween the steering angle and the estimated grip
angle, the estimated grip angle being a rotation
angle ofthe grip estimated based on the steering
angle;

a correction value calculating circuit that calcu-
lates, based on the given relation, a correction
value thatis usedto correcta grip angle detected
through the grip rotation angle sensor based on
a difference between a first estimated grip angle
and a second estimated grip angle, the first es-
timated grip angle being calculated from a sum
of the difference between a target traveling path
of the vehicle and an actual traveling path of the
vehicle and the steering angle, the second esti-
mated grip angle being calculated from the
steering angle, and

a grip angle command value calculating circuit
that calculates the grip angle command value
that is a sum of the detected grip angle and the
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correction value.

4. The steering system according to claim 3, further

comprising:

a grip torque sensor that detects a grip torque
of the grip, wherein,

the control apparatus has an override calcula-
tion processing circuit that calculates an intend-
ed grip angle that is an amount of operation of
the grip based on driver’s intention based on the
grip torque detected through the grip torque sen-
sor, and

the correction value calculating circuit calculates
a temporary correction value for the grip angle
detected based on the difference between the
first estimated grip angle and the second esti-
mated grip angle, and adds or subtracts the in-
tended grip angle to or from the temporary cor-
rection value depending on the steering angle
to determine the correction value.

5. The steering system according to claim 3, further

comprising:

a grip torque sensor that detects a grip torque
of the grip, wherein,

the control apparatus has an override calcula-
tion processing circuit that calculates a driver’s
intended difference included in the difference
between the target traveling path of the vehicle
and the actual traveling path of the vehicle and
that calculates an intended grip angle that is an
amount of operation of the grip based on driver’s
intention based on the grip torque detected
through the grip torque sensor, and

the correction value calculating circuit calcu-
lates, based on the given relation, the correction
value based on a difference between the first
estimated grip angle and the second estimated
grip angle, the first estimated grip angle being
calculated from a sum of the difference between
the target traveling path of the vehicle and the
actual traveling path of the vehicle, the steering
angle, and the intended difference.

The steering system accordingto claim4 or 5, where-
in,

the control apparatus calculates a driver’s intended
difference included in the difference between the tar-
get traveling path of the vehicle and the actual
traveling path of the vehicle, and

calculates a command value for power of the steer-
ing operation actuator based on a sum of the differ-
ence between the target traveling path of the vehicle
and the actual traveling path of the vehicle and the
driver’s intended difference.
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FIG. 13
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FIG. 144
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FIG. 14B
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